The pathogenesis of Sjögren's syndrome (SS) is poorly understood. In this study we used an in-house mouse spleen cDNA microarray to analyse genes in spleens from MRL/lpr (an SS mouse model) mice. We have previously demonstrated that GRAP genes were up-regulated in salivary glands of the same mice. The microarray analysis showed that seven out of 2304 genes were highly expressed in spleens from the MRL/lpr mice, one of which was the GRAP gene. In other words, the GRAP gene is highly expressed in the salivary glands and spleen of MRL/lpr mice. We also carried out immunohistochemical studies. Mouse and human Grb-2-related adaptor protein (GRAP) antigens were expressed on ductal cells and infiltrating lymphocytes in salivary glands of MRL/lpr mice and SS patients, but only weakly in controls (MRL/+ mice and individuals with salivary cysts). These results suggest that the GRAP gene might have a role in the pathogenesis of SS. KEY WORDS: SJÖGREN'S SYNDROME; MRL/LPR MICE; IN-HOUSE CDNA MICROARRAY; GRAP GENE H Shiraiwa, M Takei, T Yoshikawa et al. Detection of Sjögren's syndrome-related genes and molecule
Dryness of the eyes and mouth is the most typical feature. It either occurs as an isolated disorder (primary form), or more often in association with another autoimmune disease (secondary form). 1 -4 The mechanism of onset and progression of SS has been poorly understood. It has been proposed that a combination of immunological, genetic and environmental factors may play an important role in the aetiology of SS, but there remains considerable controversy. Many attempts have been made to investigate different aspects of SS. The animal model is one of the most effective approaches to studying the pathogenesis of SS, and several mouse models, such as NFS/sld 5, 6 and MRL/lpr mice, 7 -9 have been generated.
The MRL/lpr mouse is the classic murine model of autoimmune disorders, and spontaneously develops massive lymphadenopathy, arthritis, vasculitis and nephritis. It develops a disease serologically, pathologically and symptomatically similar to human SS. Significant inflammatory changes develop in the salivary glands between 12 and 16 weeks of age. 7 -9 MRL/lpr mice have a defect in the Fas antigen gene which codes a critical molecule mediating apoptosis.
To understand the mechanism of onset and progression of SS, it is necessary to identify SSrelated genes. To clarify the heterogeneity of gene expression in patients with SS, we began by investigating genes up-regulated in the SS mouse model. 10 We demonstrated increased expression of two genes -IL-16 and GRAP -in the salivary glands of MRL/lpr mice using an in-house mouse spleen cDNA microarray. 10 The aim of the present study was to investigate gene expression in the spleen of the SS mouse model using a spleen cDNA microarray generated in-house. We also studied the tissue localization (using immunohistochemical staining) of Grb-2related adaptor protein (GRAP) molecules in specimens obtained from the SS mouse model, and a human homologue of GRAP in specimens from patients with SS.
The GRAP genes are apoptosis-related genes, and their possible role in the pathogenesis of organ-specific autoimmune lesions in SS is discussed in light of the findings of our study.
Subjects and methods

SJÖGREN'S SYNDROME MODEL MICE
Sixteen-week-old MRL/MpJ-lpr/lpr (MRL/lpr) female mice (a model mouse for SS) and 16-week-old MRL/MpJ-+/+ (MRL/+) female congenic control mice were obtained from Japan SLC, Inc. (Hamamatsu, Japan). They were kept under standard conditions, according to the guidelines adopted by the Centre for Animal Experimentation, Nihon University School of Medicine, for 1 week and killed by cervical dislocation. The spleens were quickly removed, frozen in liquid nitrogen, and stored at -80°C until use.
The ethics review committees for animal experimentation of the participating institutions approved the experimental protocol.
PREPARATION OF mRNA
Total RNA was prepared from spleens of all mice using a TRIZOL ® reagent (Life Technologies, Rockville, MD, USA). Subsequent cleanup was carried out using an RNeasy Maxi kit ® (Qiagen, Germany) according to the manufacturer's instructions. mRNA was obtained from the total RNA using an Oligotex-dT30 mRNA purification kit ® (TaKaRa Shuzo Co., Kyoto, Japan). The purified mRNA was subjected to our routine quality control procedure using formaldehyde agarose gels.
PREPARATION OF THE cDNA MICROARRAY
We constructed a cDNA microarray of mouse spleen chips in-house. It consisted of 2304 cDNAs derived from a mouse spleen library (2256 clones). This library was subjected to the oligo-capping method and cDNAs were prepared as described previously. 11, 12 Briefly, 2 mg/ml of polymerase chain reaction products, obtained by amplifying the spleen library using universal primers, was mixed in a 1:1 ratio with 4 mg/ml nitrocellulose on dimethyl sulphoxide (DMSO)coated glass slides (Nisshinbo, Chiba, Japan) using a robotic (SPBIO-2000 ® , Hitachi Software Engineering Co., Yokohama, Japan). This array includes cDNAs of housekeeping genes, such as human β-actin and glyceraldehyde-3-phosphate dehydrogenase, as internal controls, the luciferase gene from Photinus pyralis as a positive control, and human Cot I DNA as a negative control. 13 
MICROARRAY PROCEDURES
The microarray was hybridized with cDNA probes prepared from a 2-mg mRNA sample from the salivary glands or spleen of diseased and their congenic mice, and labelled with Cy3 fluorochrome (red) and Cy5 fluorochrome (green), respectively. cDNA probes were mixed, applied to the cDNA microarray, and incubated at 65°C overnight in humid conditions. The fluorescent signals from the hybridized microarray were scanned with a fluorescent laser confocal slide scanner (ScanArray 4000 ® , GSI Lumonics, Ottawa, Canada). Background subtraction and normalization of the results of all arrayed genes were carried out in each spot using the QuantArray ® cDNAmicroarray analysis software software (GSI Lumonics, Ottawa, Canada).
Genes showing a high fluorescence intensity (over 1.5 fold compared with control) in MRL/lpr mice were considered to be differentially expressed genes. The DNA sequences from the positive spots were reanalysed to confirm their accordance with our library database.
CRITERIA FOR SELECTING SJÖGREN'S SYNDROME-RELATED GENES
We selected the candidate genes that appeared more than four times in six microarray hybridization analyses. Genes that showed a high fluorescence intensity (over 1.5 fold compared with control) in MRL/lpr mice were considered as SS-related genes. 
COLLECTION OF HUMAN SPECIMENS
IMMUNOHISTOCHEMICAL STAINING
Mouse specimens
Organs removed from the mice were fixed with 10% phosphate-buffered formalin and embedded in paraffin. Mouse salivary gland sections were fixed in 50% acetone at 4°C for 30 s, then in 100% acetone at 4°C for 5 min. Endogenous peroxidase activity was quenched with 0.3% H 2 O 2 in Tris-buffered saline (TBS; 5 mM Tris-HCl, pH 7.5, 145 mM NaCl) for 5 min and non-specific staining was blocked by incubation with 10% normal mouse serum for 10 min at room temperature. The rabbit affinity purified immunoglobulin G anti-mouse GRAP peptide antibody, which was made specially for this study by Tanpaku Seisei Co. (Takasaki, Japan), was used diluted 1:100 as a primary antibody. The sections were incubated with the diluted primary antibody overnight at 4°C, rinsed in TBS for 10 min, and incubated H Shiraiwa, M Takei, T Yoshikawa et al.
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with EnVision ® (Peroxidase Rabbit, DAKO, Denmark) for 30 min. This was followed by additional rinsing in TBS, and incubation with a solution containing 10 mg of 3-amino-9-ethyl-carbazol in 50 ml of 0.02 M sodium acetate (pH 5.5) for 10 min and 4 ml of 30% H 2 O 2 for 15 min. The sections were then rinsed in TBS, counterstained with Mayer's haematoxylin for 1 min, and mounted with an aqueous mounting medium.
Human specimens
Human salivary gland sections were processed as described for the mouse specimens, except that 10% normal pig serum was used for blocking non-specific staining. The rabbit affinity purified immunoglobulin G anti-human GRAP peptide antibody was prepared (Tanpaku Seisei Co., Takasaki, Japan) and used as described above.
Results
Five patients with SS and four with salivary cysts were involved in the study. Three MRL/lpr mice and three MRL/+ mice were also used.
cDNA MICROARRAY ANALYSIS
To analyse the overall gene expression in SS, we carried out cDNA microarray analysis. We identified seven SS-related genes in the spleens of MRL/lpr mice compared with those of MRL/+ mice using the mouse spleen cDNA microarray chip (Table 1 ). 11
IMMUNOHISTOCHEMICAL STAINING
The GRAP gene showed increased expression in spleens of mice by spleen microarray analysis. Immunohistochemical staining revealed substantial differences between the SS model and control mice in the expression of mouse GRAP (Fig. 1) .
Immunohistochemical staining of specimens from patients with SS and individuals with salivary cysts indicated that the human homologue of GRAP was expressed on ductal cells and on certain infiltrating cells in the SS patients, but only weakly in the controls (Fig. 2 ).
Discussion
Sjögren's syndrome is an autoimmune disease characterized by massive infiltration of lymphocytes into exocrine glands such as salivary and lacrimal glands, and the To identify SS-related genes, we constructed in-house cDNA microarrays based on mouse spleen cDNA libraries, and carried out cDNA microarray analysis using MRL/lpr mice. Up-regulation of GRAP genes was identified in the SS mouse model by the mouse spleen cDNA microarray analysis. The GRAP gene may contribute to the development of symptoms or the progression of SS.
In the mouse spleen cDNA microarray, three Fas-related genes (DAXX, Fas-antigen and Fas-associated protein) were mounted. In the present study, the expression of these three genes (DAXX gene, accession no. AF100956; mouse Fas-antigen mRNA, accession no. M83649; and mouse Mort 1 Fas-associated protein mRNA, accession no. M83649) was almost the same in MRL/lpr and MRL/+ mice. In addition, the mouse spleen cDNA microarray includes 10 genes that are obviously linked to T-cells. These genes tend to be highly expressed in the MRL/lpr mice compared with the MRL/+ mice. They did not strictly fulfil our criteria, thus we could not consider these as upregulated genes.
GRAP is one of the adaptor molecules which effectively deliver signals from the immune cell surface to a down-stream functional molecule. GRAP has a structural arrangement of an SH3-SH2-SH3 domain, which is similar to other immune cell adaptor molecules such as Grb2, GADS and GRAP2. 15, 16, 17 GRAP is known to be specifically expressed in lymphoid tissues, and structurally resembles Grb2 more than other Grb2 family molecules in that GRAP does not have the proline-rich motif. By immune cell activation, GRAP binds to phosphorylated tyrosine of the local area transport (LAT) at its SH2 region, and further binds to Son of sevenless in a way similar to Grb2. Further downstream events remain unknown. In our study, expression of the GRAP gene in the salivary glands of the SS mice was higher than that of the control mice. These results suggest that in diseased salivary glands and spleen, enhanced stimulation of the T-cell receptor augments signal transduction to downstream molecules associated with apoptosis. Further detailed analysis of the Grb2 family may clarify the regulation of T-cell differentiation and apoptosis in SS.
Our study provides a strategy to sort out genes that are linked to cell death or T-cell differentiation in SS using the cDNA microarray system. Moreover, our study demonstrates that the GRAP gene might be one of the most important SS-related genes participating in the predation and digestion of dead cells after apoptosis. In addition to the cDNA microarray analysis, we also carried out immunohistochemical analysis and demonstrated increased GRAP protein expression in the salivary glands from patients with SS. We found that GRAP was expressed on ductal cells and some infiltrating cells. Because GRAP is an apoptosis-related molecule, GRAP up-regulation might be found in the ductal cells and some infiltrating cells where apoptosis was seen to be present.
These findings also suggest that another pathway for apoptosis, such as the mitogen- 
